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Goal: build one type of test board to provide data source for all inputs
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Onetype of board capableto provide data source for all;
VME interface: download/read memory patterns,
Awar e of all CDF signals on the backplane;
Triggered on L 1A+buffer#, external trigger ?
Memory pattern selection with buffer numbers;
Self test, one data sink per output connector type;
Sink recording memory deep enough;

Number of output (enable) selectable viaVME;
Adjustable latency for all output;

| ndependent clocks for each output;

HRR

Optional: spy on magic bus P3 and P2 signals;
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Block diagram:
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Ctrl/RAM FPGA1 for fiber output block diagram

LVDS out

Fiber outl

Fiber out7

Fiber In

Fiber In Mem

configuration power clocks
Test |
connectors
Ctrl/Ram FPGA1
for fiber links
VME CLIST/Iso/Muon/Reces
Interface
Sparelines CDF bkp
To FPGA?2 signals
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Ctrl/RAM FPGA2 for SVT/XTRP/L1 output block diagram

configuration power clocks
SVT/XTRP out
Test |
cohnectors SVT/XTRP In
Ctrl/Ram FPGA?2
SVT/XTRP In Mem
VME SVT/XTRP/L1
Interface L1 Out
L1In
Spare lines CDF bkp L1In Mem

To FPGA1 signals
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Fiber source (hotlink) block
each source has

Its own oscillator From Ctrl/RAM FPGA1
«—
/ + nim BLIS ¢ i
ENW CHw Do-8
Trans mii .‘,—
i CLOCKED FIFO | g FESET
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Use hotlink BIST (built-In Self-Test)
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Transmitter module 269051-1

need to find replacement
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Fiber sink (hotlink) block

Need replacement for

Recelver module 269052
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Use hotlink BIST(built-In Self-Test) g"em
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LVDS output (for CLIST) block

The signals come from CLIQUE, driven by 16 ns clock

(1/8 CDFCLK). Only have afew bits information (event_done
and buffer bits). The LVDS driver will use DS90c031 (afew $)
as done on CLIQUE. Event_done is used to signal that all

The clusters for a given event have been sent to CLIST.

May not need sink for this output, will use test pins instead.
Therelative latency will be adjustable viaVME.
In fact, can be controlled by memory patterns.

But having asink is probably useful to record data from
real source... for example, to check the relative timing
and catch out-of-sync error ... etc.
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Fiber source (Taxi) block

Thisoneis hard, as the component (AM7968) no longer exists.
Find atrick on theweb ...

Replace Your Am7968 TAXI™ Transmitter With a CY7B923
HOTLink™

Overview
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usss a 4 B&sSB EﬂlIlEII'Ig scheme 1o oonveri |n|.':-|.|1 dala and
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Figured. AmTaea Emulator Blozk Diagram
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AND n

Figure 1-1 Am7968 TAXI Transmitter Block Diagram
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Figure 1-2 AmT969 TAXI Receiver Block Diagram
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IMessage Transier Conrol Logic
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Thisoneis hard, as the component (AM7969-175JC)
no longer exists.

Will have to find some (we need one for the sink
per board). Maybe from TRACER board spares? $25 each.

Bob DeMaat find some spares. Oct 4/01.
Also need optical transimitter: HFBR-1414T
RX: HFBR-2415T

they are used on IsoList and I1so-Clique
check Reces aswell.
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SVT/XTRP, L1 sourceand sink block

Will be based on SVT Ghostbuster board design. Need to
Find the details.

10/10/01

Ctrl/Ram
FPGA

T. Liu

FIFO may be implemented
Inside FPGA

=) I source
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APEX 20K devices. System-on-a-Programmable-Chip solutions

Megas M Core
¥ tore™ Brohatnciure

e ——

Fig 1

i H 1 H i
".' RAM ;',: ROM :’ i FIFQ ‘-.l ‘.l '
(] s 1 [ 'l

PCI Standards

Altera Local office: 847-240-03137
Sales: Arrow. 630-285-6090(local). Mike Cannizzo
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MultiCare Architecture

LLT
Product Term

[0 Features
VD& SSTLAS-2
Pl Mhkifold® 140
GIL+ I§TTL
CIT  1NCMOS
AGE

Clock Management
Uy to 4 Pl
ClockShift" Crauimy
ClockBoost" Cireuiry
Clocklock “ Crouitry
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Talle 7. APEX 20K Device Fealvres

Feature EP20K30E | EF20KGOE | EF20K100 | EFZ0K100E | EF20KIGOE | EF20K200 EF20K200E
Maxmum | 112,000 | 182000 | 263000 | 83000 | 404000 | 526000 | 06,000 |
=ystem
gales
Typica 90000 | 80,000 100,000 100000 | 160,000 00000 | 200,000
gales
LE= 1 000 2 560 4,180 4,160 8,40 8,220 8320
= 12 15 % % a0 5 5B
Maximum | 24578 | 0763 53128 53 248 a1 @20 1106 496 106,496
RN bits
Maxinum 192 056 218 418 640 8% g
rmacmica | =
Maximum 128 196 250 296 316 98z T8
mar | - -
pin=
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APEX XK Programmable Logic Device Family Data Sheet

Table 2. APEX 20K Device Fealures Voga (1

L e

Fealure EF20K300E | EF20K400 EF20KA00E | EFZOKBODE @ EF20K1000E | EF20K1SO0E
fa=mum 728,000 1,052 00 1032 a0 1,537 00 1,772,000 232000
=ySiem gaes
Typical gales 300,000 400,000 400,000 B00 000 1 000, 000 1,500 000
LE= 11,520 16,640 16,640 24320 2 400 a1 Bdo

! ESE= T2 104 104 152 180 216
[amum 147 A58 212,292 212992 a11 296 227 580 442 368
RaM b=
fa=mum 1,158 1664 1564 2 432 2,560 4,456
macrocs|=
faamum uzer 48 202 488 288 7ia 20

12 pires
Naote tatables:

10/10/01
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Tabled. APEX 20K OFF, BGA & PGA Package Options & V0 Coomt Noves (1), (2]

Device 184-Pin | 208-Pin | 240-Pin | 356-Pin BGA 652-Pin BGA | BS5-Fin PGA
TOFP POFP POFP
ROFP ROFP
EP2IKIIE a2 125
EP20KE]E a2 148 151 196
EP20E100 101 138 189 252
EP2IK100E a2 131 183 246
EPXIK1G0E 2] 143 175 271
EP20EZ0 144 174 277
EP20EI0E 136 168 271 I 76
EP20E300E 152 408
EP20EA00 302 302
EP20EAI0E 433
EP20KEEI0OE 493
EP20K1000 E 433
EP2IK1S00E 433
10/10/01 T. Liu



Figure 20. E88 in Aead Write Clock Mods
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Ctrl/RAM FPGA for fiber links

Current thinking is to use two APEX 20K FPGA (mainly for
flexibility). One for fiber links and the other for SVT/XTRP and L 1.

EP20K 200(E) (~$190 each) Main features we need:

--- embedded system block (ESB) used to implement
memory functions. FIFO, RAM etc; 52 ESBs total.

--- 106K bits maximum total RAM bits available;

--- each ESB can be configured in 256 x 8 or 128 x 16
memory size; two ESBs can be used to form
512 x 8 bits RAM block. can use 512/4 = 128 bytes
per buffer number. Enough to store typical event
per fiber channel. Need 7 total: 7 x 512x8 = 28.7K hits;
use 7/x2 = 14 ESBs.

--- flexible clock management with up to four PLLs (E);
dedicated clock and input pins: 6/8(E)

10/10/01 T. Liu



Two ESBs can form 512 x 8 bits RAM, can be used for one fiber out
need total: 7 X 2 =14 ESBS

buffer0 | 8 Dbitswide The actual latency will be controlled by
128 words deep when the data is clocked out the FIFO

\8\
bufferl
/‘

buffer2

Clocked || Fiber | [ |+
FIFO |8 Tx |1

one cluster has 6 8-bits words (20MH2z)

Muon: max 30 words * 4 *8 bits

butter3 = 120 8-hits words per fiber
10/10/0; T. Liu (30OMHz)




Example: CLIST cluster information from one LOCOS
6 8-bits words per cluster on one fiber input, arriving 50ns apart

tranno. | [l 11 'V V \A

sg0 1 em(5) 1 had(5) 1 crate sel
sig 1l L1AB(0) em(6) passhit(0) had(6) phi(0) ntow(0)
sig 2 L1AB(1) em(7) passbit(l) had(7) phi(1) ntow(1)
sg3 em(0) em(8) had(0) had(8) eta(0) ntow(2)
sg4 em(l) em(9 had(l) had(9) eta(l) ntow(3)
sgb5 em(2 em(10) had(2) had(10) eta(2) ntow(4)
sgb6 em(3 em(1l) had(3) had(1l) eta(3) ntow(5)

sg/7 emd) em(12) had(4) had(12) eta(4) ntow(6)
Data format from Monica.

10/10/01 T. Liu



1 CLIQUE connection (via 10 pin twisted ribbon cable)

The LVDS signals are driven by a 16 nsec clock whichisa
divided-by-8 copy of the 132 nsec CDF clock:

pinl BUF DONE(O)+
pin2 BUF DONE(0O)-
pin3 BUF DONE(1)+
pin4d BUF DONE(1)-
pin5 CRSUM_SEND+ (not received by CLIST)
pin6 CRSUM _SEND- (not received by CLIST)
pin7 EVENT DONE*+
pin8 EVENT _DONE*-
pin9 unused
pin 10 unused
Thetime of EVENT_DONE* with respect to the last cluster found

IN the event is fixed.
10/10/01 T.Liu



L} T LVDS output

8-bits wide cluster data:
Em(4.0), buff(1:0),1

Em(12 : 5)
Had(4:0), pass(1:0),1 |
Had(12 : 5) Evt_done, buff(1:0)

Eta(4:0), phi(1:0), 1
Ntow(6:0), crate sd

(assume thisisthe last cluster
for the event =)

10/10/01 T Liy CLIQUE control word




Ctrl/RAM FPGA for SVT/XTRPand L1
EP20K 200(E) Main features:

--- each ESB can be formed in 256 x 8 or 128 x 16 RAM size;

* use 4 ESBsto form 256 x 32 bits RAM block for

SVT data (25bits wide, 7 words per track) for
each buffer. Can store 256/7 = 36 tracks data per buffer.
Need 4 x 4 = 16 ESBs for all four buffers;

* use 2 ESBsto form 128 x 32 bits RAM for XTRP data
(25 bits wide, 1 word per track). Can store 128/4 = 32
track words per buffer;

* use 2 ESBsto form 64 x 64 bits RAM for L1 data;

one 64-bits form one event worth data.
64/4 = 16 L1 words available,
but only need one per buffer number.

* total ESB needed: 16 (SVT) + 2 (XTRP) + 2 (L1) = 20,

total ESB available: 52.

10/10/01 T. Liu



SVT out (25 hits)

i |

FIFO Need 16 ESBs for FIFO?

/v T T V\use external FIFO?

buffer0 bufferl buffer2 buffer3 1ot4: 16 ESBS

10/10/01 T. Liu

7 25-bits words per track, can store up to 36 tracks data



Two ESBs can form 128 x 32 bits RAM, can be used for XTRP out
for all four buffers

bufferO 32 bhitswide

32 words deep o5 Need 2 ESBs for FIFO
X
bufferl \ ;
] AFO L4lP
25 o
buffer2 / $

buffer3 One 32-bits word per track

10/10/01 T Liu




Two ESBs can (?) form 64 x 64 bits RAM, can be used for L1 out
for all four buffers

buffer0 64 bits wide
16 words deep

§54\~ Need 2 ESB for FIFO
bufferl L1

FIFO |y
64

4 CO

buffer2 /

buffer3 One 64-bits word per event

10/10/01 T Liu




What if L1Ascoming very close (132ns apart)?

Waell, the only data arrivesto L2 early is L1 bits (within
1 or 2 cdfclk?). Everyone else will be much later.

Theideaisto queue the L1As asthey arrive in Ctrl/RAM
FPGA. Upon receiving the first L1A, the 64 bits L1 data
will be written into output FIFO within one cdfclk, and
next L1A L1 data can be written into output FIFO right
away. So this shouldn’t be a problem. Other data path
latency will be on the order of us, should have plenty

of time to write the data into output FIFO. Should check
every data path though (event size dependent). If there
IS a problem, increase the write clock speed from RAM
to output FIFO.

Need to find out typical latency for each data path,

and the range.
10/10/01 T. Liu



Data sink memory implementation

Desire deep memory for recording:

-- In self test mode, record each data source output data;

-- record real data source in situ;

-- recording can be stopped by any backplane signals,
do we need external trigger?

-- LA output pins,

-- readout viaVME;

-- If use 16 bits address memory, running at 30 MHz,
one can store 32K x 30ns ~ 1000 us history.

separate memory chip can be used. Configured as

acyclic latency buffer continuously written at the same rate
dataisreceived. At any giventime, 1 ms(?) history can be
recorded.

10/10/01 T. Liu



1/O pin counts for Ctrl/Ram FPGA1 and FPGA?2

Note that EP20K 200 maximum user |/O pins. 382

EP20K200E 376
EP20K400 502
EP20K400E 438

First round: worse case |/O pin counts.

Need more careful I/O pin count later, and find out

whether we will need to use BGA or not.
10/10/01 T. Liu



Ctrl/RAM FPGA1 for fiber output block diagram

LVDS out

Fiber outl

Fiber out7

Fiber In

Fiber In Mem

configuration power clocks
Test |
connectors
Ctrl/Ram FPGA1
for fiber links
VME CLIST/Iso/Muon/Reces
Interface
Sparelines CDF bkp
To FPGA?2 signals
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VME interface |/O pins. 32+32+24 = 88 maximum
actual need will beless...(dave VME)

data(32)
VME | add(327?)

Interface Ctri(24)

Ctrl/RAM FPGA1

10/10/01 T. Liu



Fiber Out interface I/O pins: 20 maximum x 7 = 140

Ctrl/RAM FPGA1

DATA BLS
7 |
;3

Fi

F2

ENW CKw Do-3

CLOCKED FIFO
CY7C441/3

EHNR ©CKR 03

Y

1

Ela EHH  CRW

BISTEN
BVE
Fe

Do-7,50 D

HOTLink
CY7B923

SERIAL DATA OUT

10/10/01
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Fiber in (mem) interface |/O pins. 11+16+9+57= 41maximum

data si nk

SERIAL DATF-. I
BISTEN
HOTLink
CY7B933
ChH RDY RAVS ©0-7,500
$o5[  [reome pre- -ormousL
- — - - SBIGNALS
Ctrl/RAM FPGA1 v
I CHW Do-2
CLOCKED FIFO

T To Data Bus %
add(16)
ctrl(5?)
data(9)

mi |'|'I
-l

Ilg

mem

10/10/01 T. Liu
Make input data visibleto FPGA (“on thefly” error checking possible)



|nterface with CDF backplane signals: 46 maximum

Ctrl/Ram FPGA1

P2

——

CDF signals from P2 backplane 46 total, but many not needed

10/10/01 T. Liu



Ctrl/RAM FPGA1 1/0 pins(worse case):

configuration power clocks 3
LVDS out
Test %O .
connectors| / Fiber outl
Ctrl/Ram FPGA 1 -
for fiber links :
VME | 88 | CLIST/IsoMuon/Reces | 20 =
Interface
11
Fiber In
46
Spare lines CDF bkp 30 _IFiber In Mem
To FPGA?2 signas

10/10/01

T. Liu

Maximum total needed: 323/382, add 32 for test pins.




Ctrl/RAM FPGAZ2 for SVT/XTRP/L1 1/O pins:

10/10/01

T. Liu

configuration power clocks
g5 SVT/XTRP out
Test | %5
CONNECtors SVT/XTRP In
Ctrl/Ram FPGA?2 16519
SVT/XTRP In Mem
VME 838 SVT/XTRP/L1 64
interface L1 Out
64
L11In
46
16+10
Spare lines CDF bkp L1In Mem
To FPGA1 signals

Total (worse case) I/O pins: 364/382 check details!




How many boards needed?

With this design:
CLIST input: need one test board with hotlink;
IsoList input: need one test board with Taxi;
SVT/XTRP/L1: two fully loaded boards;
so to drive SVT/XTRP/LT/CLIST/Iso, we only need two
fully loaded test boards (one Taxi, one Hotlink);
Muon input: need 3 test boards (16 fiber hotlink inputs);
Reces input: need 2 to test one Reces (12 fiber Taxi inputs),
need 2x4=8 to drive all 4 Reces inputs.
those boards can be partially loaded (fibers only).
Plan: initially fully load 4 boards with hotlink, 2 with TAXI.
Can be used to drive either:
L1L/SVT/XTRP/CLIST/Iso/Muon, or
L1/SVT/XTRP/CLIST/Iso/one Reces
Have to keep the cost per board low ($2-3k?): $3k x 6 =$18K.
T heableto drive the full system): 2 + 3 (hotlink) + 8 (Taxi) =13.
(fiber splitter?) 4 hotlink, 9 Taxi



How many test boards? I I 1L1cable 12Tibers(Taxi)

Magic bus

N BN

_ _ 16 fibers (hotlink)
6 fiber (hotlink)

Cable each 1 LVDS cable 7 fibers (Taxi) I I I

10/10/01 T. Liu



To drive the full system:

Magic bus

alphas

SLLL

L2 test crate




* optional: spy/control magic bus and P2 signals?

THm = e

JE FPGA1 F I Source
\—] SN

VME A Ctrl/RAM ; 'g—

M T

CDF F
Signals I FPGA?2 II: B LVDSsource
T =| Crl/RAM | Lo *E—— Fiber sink

Mem
banks

1 :s: I Svt/xtrp source
T Ercal I

Llsink L1 SOUfC@I Svt/ktrp sink

Magic businterface: astarget and master, or smply spying
10/10/01\/| ag| cbus data T. Liu



Board level
test setup

| nterface board

|-

Ram

Test board

mem

10/10/01

T.Liu

As source and sink



Board level test: Teststand Setup

Magic bus 1-1

OO0 =X
omMmO > 0 -
> T or >»

data input

Data source: universal test board

Datasink: ether test board itsdlf, or
use Alphaif available
for teststand

10/10/01 T. Liu



To drivethe full (existing) system:

Magic bus

alphas

[1/7 / it

L2 test crate

omoO >0 -




Summary of what the test board can do:

Board Level Testing:

*Test/debug each individual interface board (path);

o record real data sources (catch error conditions upstream etc);
System Level Testing:

Drive the full L2 decision crate, with different event patterns/size,
different latency for each data path, with different L1A rates.

Allow usto debug system level problems, optimize and evaluate
overall system performance standal one (software & firmware).

10/10/01 T. Liu



Need to find all crucial interface components:
(many of them are obsolete already!)

CY7B923-JC: hotlink Tx chip
CY7B933-JC: hotlink Rx chip
CY7C441/3: FIFOfor Tx
CY7C451/3-14JC: FIFO for Rx
AMP269051: Optical Tx
AMP269052: Optical Rx

AM7968-175JC. TAXI Tx chip
AM7969-175JC. TAXI Rx chip
HFBR-1414T:  Optical Tx
HFBR-2416T: Optical Rx

Found many of them already, but still need to find AMP269051/2 !

10/10/01 T. Liu



Will need support from all subsystem experts:.

Need information on the design for the real
source and sink for each data path:

Interface components, schematics, board layout for
the interface part, data format, response to Halt-Recover-Run
typical data size and range, typical latency and range...€tc.

Documentation on each data path would really help

10/10/01 T. Liu



Examples. Hotlink fiber connections x8 and x14 per board

Muon Matchbox test card Muon MatchBox

10/10/01 T. Liu
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Figure &1 Transmitter and Receiver Decoupling Layouts
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Figure 6-5
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Fiber Optic Data Link Decoupling
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